Two new substrate chromogens for alkaline phosphatase (ALP) detection have been recently synthesized for use in molecular biology teseatch, salmon and magenta phosphate.
Introduction
The two chromogens most commonly used today for detecting alkaline phosphatase (ALP) in immunocytochemistry are 5-bromo-4chloro-3-indolyl phosphate-Nitroblue tetrazolium (BCIP-NBT), and Fast Red-naphthol. Each of these reagents has its own advantages and disadvantages. BCIP-NBT yields an intense blue product that is water-and ethanol-insoluble. However, its blue color does not contrast well with conventional hematoxylin counterstaining. Fast Red-naphthol contrasts well with hematoxylin-stained nuclei, but because it is ethanol-soluble it cannot be used with regressive hematoxylin stains or routine alcohol dehydration and xylene-based mounting media, which are most commonly used and provide the best optical resolution.
We report here the use of two new chromogens for ALP, salmon and magenta phosphate (6-chloro-3-indolyl-phosphare p-toluidine salt and 5-bromo-6-chloro-3-indolyl phosphate p-toluidine salt, respectively), which have been synthesized and are sold by Biosynth AB (PO Box 125, 9422 Staad, Switzerland 
1994)
reagents produce distinct but relatively pale pink and magenta reaction products, respectively, which are ethanol-insoluble. In addition to these advantages for single antigen detection, both of these colors are easily distinguished from the brown horseradish peroxidase-diaminobenzidine (HRPDAB) reaction product, and are therefore ideal for use in double-immunostaining techniques, especially when distinct nuclear staining with hematoxylin is required. We present here a triple-staining procedure for simultaneous detection of two antigens, using monoclonal antibodies (MAb) with hematoxylin counterstaining.
Materials and Methods
BRdU Administration. Fertilized chick (Gallus gallus) eggs were incubated for 3 or 4 days at 37.5'C. One hundred p1 of a 1-mM solution of bromodeoxyuridine (BRdU) (Sigma: St Louis, MO) was injected into the amniotic space and the embryos were returned to the incubator for 1 hr. Embryos were removed and fixed in Bouin's solution for 1-2 hr at room temperature. After conventional dehydration and embedding in Paraplast+ (Carolina Biological Supply; Burlington, NC), 6-pm sections were cut and mounted on polylysine-coated slides (Sigma). Slides were dried overnight at 37'C and baked at 58'c for 20-60 min before staining.
Staining Procedure.
1. Sections are deparaffinized in toluene and rehydrated through graded ethanols (100, 95, 70, 50%) and water. The 50% ethanol step is necessary for complete removal of picric acid from the tissue. 2. Incubate for 30 min in 2 N HCI at 37'C to denature DNA.
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A m , ROSEN, GOLDSTEIN 3. dH2O rinse, 5 min. 4. Enzymatic digestion in freshly prepared 0.01% trypsin (Serva; 5. PBS rinse, 5 min. 6. Block nonspecific staining with 1% bovine serum albumin (Sigma), 30 min at 37'c. 7. Incubate in primary antibody overnight at 4'C in a humid chamber. Antibody solutions (70 pl) are applied to each slide, and slides are then carefully coverslipped to maintain even distribution of the solution on the slide and prevent drying out of the sections. The antibodies used were (a) anti-BRdU (Sigma), and IgG. diluted 1:SO in the supernatant of hybridoma cells that produce antibodies to (b) the HNK-1 antigen, an IgM (American Type Culture Collection; Rockville MD). HNK-1 hybridoma cells were grown in Dulbecco's modified essential medium with 10% fetal bovine serum (both from Biological Industries, Beth Haemek, Israel).
Heidelberg, Germany) in PBS for 5 min at 37°C.
8. PBS rinse, twice for 5 min. 9. Incubate for 1 hr at 37'C in a mixture of the secondary antibodies: HRP-coupled anti-mouse IgG (y-chain-specific), and ALP-coupled anti-mouse IgM (p-chain-specific), both diluted 1:50 in PBS-BSA. Detect HRP using DAB, with FAST-DAB tablets (Sigma).
10. Detect ALP using salmon and magenta phosphate [modified from
(2) for BCIP-NBT]. The chromogens were taken from stock solutions prepared by dissolving 50 mg salmon phosphate or 20 mg magenta phosphate in 1 ml dimethylformamide. (a) Rinse in rinse buffer (4 M NaCl 1.25 ml, 1 M MgC12 2.5 ml, 1 M Tris 9.5 5 ml, dH2O 41.2 ml. and 25% Tween 20 50 k1:total 50 ml). (b) Reaction in 1 ml of rinse buffer with the addition of 3.3 ~1 of the stock solution of one of the chromogens. The magenta phosphate reaction mixture was fdtered through a 0.45-pm filter before use, which reduced but did not entirely eliminate a fine precipitate. Salmon phosphate is apparently more soluble in aqueous solution and did not require filtration. Approximately 150 pl of the reaction mixture was layered over the sections on each slide. Slides were protected from light during the reaction, since the manufacturer cautions that the reagents are light sensitive.
Staining was periodically monitored under a binocular microscope and was usually 5-15 min. After the desired staining intensity was obtained, the reaction was stopped by placing the slides in water. The sections were then stained in Harris' hematoxylin (Sigma), and carefully destained in HCI-70% ethanol. Dehydration in ethanols and xylene followed, and finally the slides were coverslipped in Entellan (Merck; Darmstadt, Germany).
Results and Discussion

Salmon and Magenta Phosphate as Chromogens in Immunocytochemistry with ALP Secondary Antibodies
We first tested the chromogens for use with ALP-conjugated antibodies by single immunostaining sections of chick embryos with the HNK-1 MAb (1). The HNK-1 antigen is a tetrasaccharide present in several extracellular matrix and cell surface molecules and has been extensively used, among other applications, for delineating structures of the nervous system in early avian embryos (i.e., 4,5).
Both chromogens produced colors that contrast well with hematoxylin counterstaining, and each has characteristics that make it advantageous for specific applications. The slower-reacting, palercolored salmon phosphate is preferable when the staining intensity must be carefully controlled and should be relatively light. For example, when hematoxylin-stained nuclei are to be examined in a structure stained immunocytochemically, salmon phosphate produces an eosin-like color that allows excellent resolution of chromatin in hematoxylin-stained nuclei. For example Figures 1A and  1B show an example of a section of a St. 23 [embryonic day (E) 41 chick embryo stained for the HNK-1 antigen, which delineates the elements of the embryonic nervous system. The purple reaction product produced by magenta phosphate stain is more intense than that of salmon phosphate, and is indeed preferable for staining the dorsal root ganglia (DRG) of younger chick embryos, which apparently express fewer molecules containing the HNK-1 antigen ( Figures 1C and ID; see below) . The staining pattern obtained with these compounds is the same as that obtained with HRP-DAB ( 4 ) and BCIP-NBT (data not shown).
Salmon and Magenta Phosphate in Double-immunostaining Procedures
Although many procedures for simultaneously detecting BRdU and another antigen using brightfield light microscopy have been described (e.g., 3,6), we have tried several and have not found one in which the following three criteria are met: the tissue is preserved well, nuclear counterstaining is intense, and all three of the stains are easily distinguishable from one another. For example, we have tried using DAB-HRF' for visualizing HNK-1-stained DRG and BCIP-NBT for ALP detection of BRdU-positive nuclei. This produced excellent results, but counterstaining of BRdU-negative nuclei was a problem. Nuclear Fast Red-stained nuclei contrasted poorly with the brown DAB product and were generally very weakly stained, and hematoxylin-stained nuclei were difficult to distinguish from the blue BCIP-NBT-stained structures (not shown).
Fortunately, the development of salmon and magenta phosphate has enabled us to produce preparations in which all the above criteria are fulfilled. In Figures 1C and lD , examples of such a preparation are shown. The BRdU-incorporating cells are stained intense brown with the HRP-DAB reaction, and the nascent ganglia of the St. 20 embryo are delineated with HNK-1 antibodies detected with ALP-magenta phosphate. Within the DRG, the BRdU-positive nuclei are easily distinguished from the BRdU-negative hematoxyhstained nuclei.
In conclusion, these two new substrates for ALP detection are well suited to use in immunocytochemical studies detecting one or two antigens. They are a welcome contribution to the arsenal of different-colored chromogens now available to the histochemist. It is likely that they will be especially useful in single-label applications in which it is necessary to stain diffuse cytoplasmic or membrane antigens without obscuring the staining of nuclei or other subcellular components using routine counterstains such as hematoxylin. For example, extracellular matrix molecules or intracellular differentiation markers could be stained with ALP-salmon or -magenta without masking nuclear detail. Perhaps the most important use for these reagents is for simultaneous detection of multiple cellular antigens in techniques such as that detailed above for BRdU-HNK-1. Finally, the stability of these reagents to ethanol and xylene will be useful to those concerned with obtaining the best optical resolution in immunostained sections. 23 (E3.5-E4) embryo in which ALP-salmon phosphate was used for the detection of the antibody, producing a pink eosin-like staining of the DRG, neural tube (NT). ventral roots (vr), and spinal nerves. The area enclosed by the box in A is shown at higher magnification in B. where the hematoxylin-stained nuclei in the DRG and ventral root are easily resolved. Arrow points to a mitotic figure in anaphase. (C,D) An example of double immunocytochemical staining using ALP-magenta phosphate to detect HNK-1 and HRP-DAB to detect cells that had incorporated BRdU is shown at low and at high magnifications. In D. the brown BRdUpositive nuclei (open arrow) and the hematoxylin-stained BRdU-negative nuclei in the magenta-stained DRG can easily be distinguished from one another. Both the perinuclear rim of heterochromatin and the nucleoli are easily resolved in these BRdU-negative cells. Arrowheads point to BRdU-negative cells with two nucleoli. and the solid arrow to a cell with one nucleolus. Bars: A,C = 50 pm; B,D = 10 pm.
